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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Semiconductor Devices and Integrated Circuits Sectional Committee had been approved by the Electro- 
nics and Telecommunication Division Council. 

This standard ( Part 3/Sec 3 ) is one of a series of standards on Integrated Circuits. Part 3 covers the 
measuring methods of digital integrated circuits, and this Section 3 covers dynamic measurements. 
Other section of this part are • 

Section 1 General 

Section 2 Static characteristics 

Section 3 Dynamic measurements 

This standard is based on lECPub 748-2, 'Semiconductor devices, Integrated Circuits — Part 2: Digital 
Integrated Circuits', issued by International Electrotechnical Commission ( lEC ). 

In reporting the results of measurements made in accordance with this standard, if the final value, 
observed or calculated is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values ( revised )'. 
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1 SCOPE 

This standard ( Part 3/Sec 3 ) covers the dyna- 
mic measurements for Digital Integrated Cir- 
cuits. 

2 REFERENCES 

The Indian Standards listed below are necessary 
adjuncts to this standard: 

JSNo. 

1885 

( Part 7/Sec 5 ) 
1971 



3715 
( Part 1 ) 

12970 
( Part I ) 



1971 



1990 



Title 

Electrotechnical vocabulary: 
Part 7 Semiconductor devices^, 
Section 5 Integrated circuits 
and microelectronics 

Letter symbols for semicon- 
ductor devices: Part 1 Gene- 
ral 

Semiconductor devices — 
Integrated circuits; Part I 
General 



3 TERMINOLOGV 

3-1 For the purpose of this standard, the terms 
and definitions given in TS 1885 ( Part 7/Sec 5) : 
1971 and provisions of 3 of IS 12970 ( Part 1 ) : 
1990 shall be applicable. 

4 LETTER SYMBOLS 

For the purpose of this standard, the letter sym- 
bols given in IS 3715 ( Part 1 ) : 1971 shall be 
applicable. 

5 TOTAL CURRENT DRAWN FROM THE 
POWER SUPPLIES UNDER DYNAMIC 
CONDITIONS (1) 

a) Purpose 

This method is intended to measure the total 
current drawn by the integrated circuit from 
the power supply versus operating frequency. 
This method is restricted to repetitive input 
signals. 

b) Circuit Diagram ( see Fig. 1) 

c) Circuit Description and Requirements 

The input driving network(s) the conditions 
at other inputs and the output loading net- 



works(s) shall be as specified. The input 
pulse waveform(s) shall be as specified. The 
impedance of capacitor C shall be low over 
the measurement frequency range. The 
ammeter shall be a suitable instrument to 
measure the mean total current. 

d) Precautions to be Observed 

No special precautions are required. 

e) Measurement Procedure 

The temperature is set to the specified value. 

The integrated circuit is connected to the 
circuit of measurement the supply voltage(s), 
the input signal(s) and the conditions at 
the other inputs shall be set to the specified 
values; the supply current shall be measured 
over the measurement frequency range. 

f) Specified Conditions 

— Ambient or reference — point tem- 
perature, 

— Supply voltage(s), 

— Characteristics of input driving net- 
work(s) and output loading network(s), 

— Input pulse conditions, 

— amplitude, 

— width, 

— rise time, 

— fall time, 

— duty cycle ( 50 percent, unless other- 
wise specified ), 

^ repetition frequency range, 

— Interrelationships between different 
pulses, where appropriate, and 

— Conditions at other inputs. 

6 POWER SUPPLIED THROUGH THE 
CLOCK LINE (2) 

a) Purpose 

This method is intended to measure the 
power required to drive the circuit through 
clock line (s). 
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Fig. 1 Circuit for Measurement of Total Current Drawn from the Power Supplies 

Under Dynamic Conditions 



b) Circuit Diagram ( see Fig. 2 ) 

c) Circuit Description and Requirements 

The clock input driving network, the condi- 
tions at other inputs and the output loading 
network shall be specified. The clock input 
driving network and its power supply shall be 
capable of supplying all the power required 
to drive the low clock input. This network 
acts as a power convertor and shall have a 
low residual power consumption. The output 
impedance of the clock input driving net- 
work shall be low enough so that the loading 
of the circuit being measured does not affect 
the output waveform of the clock input driv- 
ing network. Examples of suitable clock 



input driving network are given in Fig. 3 and 
Fig. 4. 

The impedance of capacitor C shall be low 
at the measurement frequency. The capaci- 
tance C, and Cs include the stray capaci- 
tance of the test fixture and shall be as speci- 
fied. The clock pulse waveform at the output 
of the clock input driving network shall be as 
specified. The oscilloscope is used to verify 
this condition. 

Switch S is used to isolate the circuit being 
measured so that two measurements of the 
power consumed by the clock input driving 
network can be made. The ammeter shall be 
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Fig. 2 Circuit for Measurement of Power Supplied Through the Clock Line 
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a suitable instrument to measure the mean 
total current drawn by the clock input driv- 
ing network. The voltmeter shall be a suitable 
instrument to measure the voltage at the out- 
put terminal of the power supply. If two or 
more clock pulses are required, the interrela- 
tionships between these pulses shall be as 
specified, and the measurements shall be per- 
formed for each of the clock lines separately. 

d) Precautions to be Observed 

No special precautions are required. 

e) Measurement Procedure 

The temperature is set to the specified value. 
The integrated circuit is connected to the 
measurement of circuit, the supply voltages 
and conditions at the other inputs shall be 
set to the specified values. The clock input 
driving network and the pulse generator are 
adjusted to give the desired pulse. The oscil- 
loscope is used to verify the pulse waveform. 
With switch S opened, the d.c. current f, 
flowing into the clock input driving network 
is measured. Then the switch S is closed and 
current /j is measured. The power required 
to drive the circuit being measured is then 
calculated by : 

P== V{h-h) 




Fig. 3 Clock Input Driving Network 

f) Specified Conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltages ( including V ); 

— Characteristics of clock input driving 
network and output loading network; 

— Clock pulse conditions : 
— amplitude, 



— width, 

— rise time, 

— fall time, 

— duty cycle (50 percent unless other- 
wise specified ), 

— repetition frequency range; 

— Interrelationship|s between different 
pulses, where appropriate; 

— Values for C\ and Cg; and 

— Conditions at other inputs. 

7 INPUT AND OUTPUT IMPEDANCES (6), 
(11) 

7.1 Current Measurement : Input and Output 
Capacitances for Large-Signal Operation (6) 

a) Purpose 

To measure under large-signal conditions the 
input capacitance or output capacitance of a 
digital integrated circuit under specified 
conditions. 

NOTE — This method may be not suitable for 
measuring the input capacitance or output capaci- 
tance of an integrated circuit that has a very low 
input or output parallel resistance. 




Fig. 4 Clock Input Driving Network 

b) Circuit Diagram ( see Fig. 5 ) 

c) Circuit Description and Requirements 

The method consists of the selection of a 
capacitor which gives the same current peak 
response to a voltage waveform as the input 
( output ) capacitance of the integrated 
circuit being measured. The pulse generator 
provides the required switching waveform. 
The peak current /a as shown in Fig. 6 is 
measured by the current measuring device. 
The transition time of the driving pulse 
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Fig. 5 Circuit for Measurement of Input and Output Impedances 

by more than 5 percent. The input impe- 
dance of the current measuring device shall 
be low compared with the input ( output ) 
impedance of the circuit being measured. 

d) Precautions to be Observed 
No special precautions are required. 

e) Measurement Procedure 

The temperature is set to the specified value 
The integrated circuit is connected into the 
measurement circuit and the power supply 
voltage(s) are set to the specified values. 
The control voltage and conditions at other 
terminals are set to the specified values. The 
driving pulse is applied to the test terminal 
and set to the specified amplitude. The value 
of the peak current /a as shown in Fig. 6 is 
measured. The integrated circuit is removed 
from the measurement circuit. The value of 
the capacitor which gives the same value of 
the peak current /a is determined by substitu- 
tion. 

f ) Specified Conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltage(s); 

— Driving pulse conditions at the test 
terminal; 

— amplitude, 

— width, 

— rise time, 

— fall time, 

— repetition frequency; and 

— Conditions at other terminals. 



Fig. 6 Measured Current Waveform 

applied to the integrated circuit being mea- 
sured shall be less than: 



( ^max ) 

where 

Cjain = minimum expected value of the 
capacitance to be measured 

V = specified voltage amplitude of the 
driving pulse 

■^max — maximum specified value of the direct 
current into the terminal imder test 

The output impedance of the input driving 
network shall be low enough such that, with- 
in the range of capacitance to be measured, 
a 2 to 1 variation in the capacitance applied 
at the test terminal does not change the 
transition time as seen at the test terminal 
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7.2 Voltage Measurement : Equivalent Input and 
Output Capacitances, Equivalent Input and Output 
Resistance (11) 

Two methods of measurement may be used : 

— One based on a large-signal voltage mea- 
surement method, 

— The other based on a small-signal bridge 
method. 

NOTES 

1 Perference shall be given to the Jarge-signal 
method. 

2 When stating values of these characteristics, the 
method used shal] be specified. 

7.2.1 Large Signal Method 

a) Purpose 

To measure the equivalent input capacitance 
and equivalent output capacitance and/or the 
equivalent input resistance and equivalent 
output resistance of a digital integrated cir- 
cuit when switched from one defined level to 
another, under specified conditions. 

NOTE — Measurement of the equivalent input 
capacitance or equivalent output capacitance is 
still possible if the integrated circuit has an input 
or output ( respectively ) resistance comparable 
with or less than the characteristic impedance of 
the line used for this measurement. Only a very 
low input resistance or output resistance wiii 
shunt the input or output capacitance, so that 
no measurement of capacitance is possible. In 
this case, however, capacitance is of no itnpor- 
tance in practical applications and its measure- 
ment is replaced by the ineasurement of resis- 
tance. 

b) Circuit diagram ( see Fig. 7 ) 

c) Circuit description and requirements 

The pulse generator provides the required 
switching waveform. The transition time 
shall be approximately equal to that of the 
integrated circuit being measured. The oscil- 
loscope shall be capable of measuring the 
pulse parameters and the variation caused by 
the circuit being measured. It is necessary to 
have the length of Li equal to the length of 
Li, the length of Lg equal to the length of Lj, 
and the length of L^ equal to the length of 
Le* The length of L5 shall be approximately 
equal to that of L<. 

The lengths of the transmission lines L) and 
Z,2 shall be considerably longer than those of 
the other lines. The reason is to avoid over- 
lapping of reflections occurring at point A 
( Fig. 7 ) with those caused by the circuit 
being measured. The characteristic impe- 
dance of the lines Li to Le shall be equal and 
the T-junctions and oscilloscope inputs 
matched to them. The connecting wires of 



Ri, Cj and R^ shall be as short as possible 
and of the same length, in order to keep 
undesired inductances low, or at least appro- 
ximately equal. 

d) Precautious to be observed 

In order to avoid overlapping of the pulse 
response ( of the integrated circuit ) with the 
transmitted pulse, twice the propagation time 
ofLs + £5 ( or Z-i + Z.6 ) shall be conside- 
rably longer than the rise time or fall time 
of the pulse at point A. 

e) Measurement procedure 

The temperature is set to the specified value. 
The pulse generator, the input driving net- 
work and the oscilloscope are connected to 
the line network Li through Le as shown in 
Fig. 7. The specified voltage amplitude and 
rise or fall times of the input pulse are set by 
means of the input driving network. The 
pulse frequency is chosen so that the distan- 
ces, expressed in times, between two succes- 
sive rising or falling edges are not in an 
integral proportion with the propagation 
times of the lines Li -{- L-^ or L2 -f Le, 
respectively. 

With the aid of resistors i?i and R^ and capa- 
citors C, and Ca, the measurement circuit is 
balanced so that both oscilloscope traces 
coincide. i?i and R2 should be set to a rela- 
tively high value ( for example, with TTL 
Circuits, approximately 5k) and Q and Cg 
to the lowest possible value ( for example 
approximately 1 pF to 2 pF ). The integrated 
circuit is then connected to the line L^ caus- 
ing a reflection whereby one of the two 
oscilloscope traces is moved out of coincid- 
ence with the other one. By changing R^ and 
Cg, coincidence is re-established. The change 
C2 or Rt is the equivalent capacitance or 
equivalent resistance, respectively. 

f ) Specified conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltages and conditions at other 
terminals; 

— Input pulse conditions: 

— amplitude above and below a speci- 
fied reference level, 

— width, 

— rise time, 

— fall time, 

— repetition frequency; 

— Direction of transition between the 
defined levels; and 

— Values of resistors ifj and Rg, 
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Fig. 7 Circuit for Measurement of Equivalent Input Capacitance or Equivalent 

Output Capacitance and/ or Equivalent Input or Output 

Resistance of an Integrated Circuit 
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Fig. 8 Non-Coinciding Traces Due to Disturbance of the Balance by Means of 

THE Circuit Being Measured ( Dotted Lines Show Re-Establishment 

of the Balance by Means of Rz and C2 ) 



7.2.2 Bridge Method ( Small-Signal ) 
a) Purpose 

To measure the input or the output capaci- 
tance of an integrated circuit, under specified 
small-signal conditions. 



b) Circuit diagram 

See Fig. 9. 

c) Circuit description and requirements 

The r. f. bridge shall have low internal d. c. 
resistance and shall be capable of carrying 
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Fig. 9 Circuit for Measurement of Input or Output Capacitance 
OF AN Integrated Circuit 



the required d. c. current of the input or 
output being measured without affecting the 
accuracy of measurement. Alternatively, 
other methods of biasing the circuit may be 
used. Small-signal conditions of measurement 
shall apply. Capacitor C shall present a 
short-circuit at the measurement of frequency 
which shall be 1 MHz, unless otherwise 
specified. 

d) Precautions to be observed 

No special precautions are required. 

e) Measurement procedure 

The temperature is set to the specified value 
and checked immediately before and after the 
measurement. The r. f. bridge is balanced 
with the integrated circuit removed from the 
measuring circuit, the input voltage is set to 
the specified value. The integrated circuit is 
inserted into the measuring circuit, the input 
voltage is checked and the r. f. bridge is 
again balanced. 

The capacitance of the input or output is 
measured as the difference between the two 
readings of the r. f. bridge. 

f ) Specified conditions 

— Ambient or reference-point tempera- 
ture, 

— Input voltage, 



— Supply voltage, 

— Measurement frequency ( if diflferent 
from 1 MHz ), and 

— Conditions at other terminals. 

8 TIMES CHARACTERIZING THE CIRCUIT 
8.1 Propagation Times [3], |7| 
8.1.1 Bipolar Circuits [3] 

a) Introduction 

The method described below is applicable to 
combinatorial and sequential digital circuits 
of the bipolar type, with the exception of 
high-speed circuits which for interconnection 
require matched transmission lines and speci- 
fic terminations. 

b) Purpose 

This method gives values of the propagation 
times for inverting and non-inverting circuits 
when their inputs and outputs are loaded 
with specified integrated circuits or their 
equivalent. 

c) Circuit diagram 
See Fig. 10. 

d) Circuit description and requirements 

The integrated circuits which are used for 
the input driving circuit and the input and 
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Fig. 10 Circuit for Measurement of Propagation Times 



output loading circuits shall have characteris- 
tics representative of the integrated circuits 
intended to be normally connected to the 
integrated circuit being measured. The 
number of loading circuits driven in parallel 
by both the driving circuit (M) and the inte- 
grated circuit being measured (A') shall be 
stated, and preferably chosen in order to 
present the worst case for each of the two 
times to be measured. 

Circuits used for the input and output load- 
ing circuits shall have passed the specifica- 
tion requirements for all other characteris- 
tics, including the delay and transition 
time measurements made using the methods 
of 8.2. The input and output loading circuits 
may be replaced by equivalent networks 
provided such equivalents can be demonstra- 
ted. The input impedances of the oscilloscope 
shall be high compared to the input and 
output impedance of the integrated circuit 
being measured. If necessary, an equivalent 
time measuring instrument may be used in 
place of the oscilloscope. 

The input and output capacitance C, and Co 
shall include all stray capacitances associated 
with the mounting jigs, test fixtures and 
measuring instruments, but shall exclude 



parasitic capacitances of the integrated cir- 
cuit being measured and of the input and 
output loading circuits, when the length of 
connections may give rise to inductive 
effects, the detail of the wiring configuration 
must be given. There shall be no significant 
differential delay in the oscilloscope. 

e) Measurement procedure 

The propagation times are measured directly 
from the waveforms displayed on the oscillo- 
scope as shown for example in Fig. 1 1 . 

f) Specified conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltage(s); 

— Types of input driving circuit and input 
and output loading circuits, or circuit 
configuration and component values of 
the equivalent loading networks; 

~ Input pulse conditions; 

— values of high and low voltage 
levels, within the H-range and 
L-range, respectively, 

— width, 
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Fig. 1 1 Waveforms for Measurement of Propagation Time 
( Applies to an Inverting Unit by Way of Illustration ) 



— rise time,^ 

— fall time, 

— repetition frequency; 

— Conditions at other terminals; 

— Capacitances Cj and Cg; and 

— Values of M and N. 
8.1.2 MOS Circuits (7) 

a) Purpose 

To measure the propagation times of MOS 
integrated circuits when the output configura- 
tion changes from the defined high level to 
the defined low level, or the reverse, under 
specified input driving and output loading 
conditions. The method is applicable to any 
circuit where a change of an output confi- 
guration is produced by a specified signal 
applied to a specified input terminal. 

NOTE — This method is also applicable to measure 
the transition times of MOS integrated circuits. 

b) Circuit diagram 
-See Fig. 12, 

c) Circuit description and requirements 

The pulse generator shall have the capability 
of deUvering a pulse with specified rise and 
fall times. The input pulse waveform and 
terminating resistor R shall be as specified. 
The output loading network shall be establi- 
shed by means of passive linear components 
(see Fig. 13a and 13b for example). The 



input impedance of the oscilloscope shall be 
high compared to the input and output impe- 
dances of the integrated circuit being measu- 
red. An equivalent time measuring mstrument 
may be used in place of the oscilloscope. 
There shall be no significant differential delay 
in the oscilloscopei The load capacitance 
shall include all stray capacitances associated 
with the test mount and measuring instru- 
ments, but shall exclude parasitic capacitance 
of the integrated circuit being measured. 
Where the length of connections may give 
rise to inductive effects, the details of the 
wiring configuration must be given. 

d) Measurement procedure 

The propagation times are measured directly 
from the waveforms displayed on the oscillo- 
scope, an example is shown in Fig. 14a and 
14b. These figures apply to an inverting unit 
only, by way of illustration. 

e) Specified conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltage(s); 

— Configuration and component values 
of the output loading network, includ- 
ing stray capacitances; 

— Input pulse conditions: 

— values of high and low voltage 
levels within the H-range and 
L-range respectively, 
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Fig. 12 Circuit for Measurement of Propagation Times of MOS Integrated Circuit 
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— width, 

— rise time, 

— fall time, 

— repetition frequency; 

— Value of terminating resistance R; 

— Conditions at other terminals; and 

— Value of voltage Kx. 

8.2 Delay and Transition Times (4), (5) 
8.2,1 Bipolar Circuits (4) 

a) Introduction 

The method described below is applicable to 
combinatorial and sequential digital circuits 
of the bipolar type, with the exception of 
high-speed circuits that for interconnection 
require matched transmission lines and speci- 
fic terminations. 

b) purpose 

This method gives values of delay and 
transition times for inverting and non-invert- 
ing circuits when their inputs and outputs 
are connected to specified networks, 

c) Circuit description and requirements 

The pulse generator, in connection with the 
input driving network, shall have the capa- 
bility of delivering an input pulse with speci- 
fied rise and fall times ( see for example 
Fig. 16 ). These voltage levels ( as given in 
Fig. 16 ), shall be set up with the input net- 
work driving a dummy load which represents 
a typical circuit. The measuring jig shall be 
specified if it has an effect on the result. 

d) Circuit diagram ( see Fig- 15) 

The input and output capacitances ( Cj and 
Co ) shall include all parasitic capacitances 
present in the driving and loading networks 
and stray capacitances associated with the 
mounting jig, test fixtures and measuring 
instruments, but shall exclude the parasitic 
capacitances of the integrated circuit being 
measured. Ci and Cq may be included in the 
input driving network and output loading 
network if appropriate. The input impedance 
of oscilloscope shall be high compared to 
the input and output impedances of the 
integrated circuit being measured, or shall 
be included in the input driving and output 
loading networks. An equivalent time 
measuring instrument may be used in place 
of the oscilloscope- There shall be no signifi- 
cant differential delay in the oscilloscope. 

e) Measurement procedure 

The delay and transition times are measured 
from the waveforms displayed on the oscillo- 
scope, as shown for example in Fig. 16. 



f) Specified conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltage(s) ; 

— Configuration and component values 
of the output network where required 
and of the output loading network; 

— Input pulse conditions: 

— values of high and low voltage 
levels ( see Fig. 16 ), 

— width, 

— rise time, 

— fall time, 

— repetition frequency; 

— Conditions at other terminals; and 

— Capacitances Ci and C(,. 

8.2.2 MOS Circuits (5) ( see Fig. 17 ) 

The method described in 7.1.2 applies for the 
measurement of transition times of MOS inte- 
grated circuits, with the following amendments. 

Specified conditions 

The last specified condition; " — Value of 
voltage Fx" is to be replaced by :— Values of 
output voltages Vy and Vz, 

8.3 Set-up Time (8) and Hold Time (9) 

a) Purpose 

To measure the minimum set-up time and 
minimum hold time of the preparatory 
input, relative to a trigger input of a sequen- 
tial circuit, necessary to produce correct 
switching. 

NOTE — A sequential circuit will switch into a 
different output configuration when the appropriate 
signal applied to the preparatory input(s) coincides 
with a specified level and/or transition applied to the 
trigger input. Failure to switch occurs when the 
duration of coincidence is less than a value which is 
characteristic for the integrated circuit being 
measured. 

b) Circuit Description and Requirements 

The pulse generator(s) shall provide two 
output pulses that are synchronized but 
adjustable in phase relative to each other. 
For certain classes of sequential circuit ( for 
example D-type ), the delayed pulse shall 
have a repetition frequency half that of the 
reference pulse. This will be specified in the 
detail specification; otherwise, both pulses 
must have the same repetition frequency. 
Driving and loading networks must be con- 
nected when and as specified. Unused inputs 
must be connected as specified. 
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Fig. 15 Circuit for Measurement of Delay and Transition Times 



c) Circuit Diagram ( see Fig. 18 ) 

The input impedances of the oscilloscope 
and of the signal detector must be high 
compared with the impedances at the input 
and output measuring points. A equivalent 
time measuring instrument may be used in 
place of the oscilloscope. The instrument 
used should not mtroduce a significant 
difference in delays. The signal detector must 
include either an oscilloscope or other instru- 
ment that can indicate whether the measured 
output of the sequential circuit switches 
between its two configurations. It must also 
be able to indicate that the output signal 
satisfies the limits for Kqhb or Fola between 
each transition. 

The oscilloscope and signal detector should 
be synchronized from one of the input 
pulses, usually the triggering pulse. 

d) Precautions to be Observed 

The use of an input signal having a 
50 percent duty cycle should be avoided 
since, for this condition and for certain 
classes of sequential circuits, insufficient set- 
up or hold times may not result in a cessa- 



of 



tion of switching, but only in a change 
phase of the output signal. 

e) Measurement Procedure 

The integrated circuit is connected in the 
measuring circuit and the supply and input 
voltages are set to the specified values. The 
temperature is set to the specified value and 
checked immediately before and after the 
measurement. The pulse generator output 
pulses are adjusted to give the specified pulse 
conditions at the input of the integrated 
circuit being measured. 

The time delay, as measured between the 
specified levels which lie between Kihb and 
KiLA ( for bipolar circuits, the 50 percent 
level is preferred ) on the specified transitions 
of the preparatory pulses and the trigger 
pulses, is increased ( or decreased ) from 
zero. The output of the sequential circuit is 
observed to note when switching occurs; the 
lelationship between the input and output 
frequencies shall be specified. The corespond- 
ing delay time is measured. The measurement 
will give either the minimum set-up or 
minimum hold time according to which pair 
of appropriate transitions is selected ( see 
Fig. 19 and 20 ). 
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FjG. 16 Waveforms 



f) Specified Conditions 

— Ambient or reference-point tempera- 
ture, 

— Supply voltage(s), 

— Input pulse conditions, 

— amplitude, 

— width, 

— rise time, 



— fall time, 

— repetition frequency, 

— delay between input pulses, when 
appropriate; 

— Direction of transitions of input 
signals; 

— Output loading network(s), for both 
measured and unmeasured outputs; 
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Fig. 17 Waveform for Transition Time of MOS Circuits 
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Fig. 18 Circuit for the Mbasurembnt of Set-up Time and Hold Time 
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Fig. 20 Hold Time ( Typical Waveforms ) 



— Input driving network(s), if required; 

— Conditions at other terminals; and 

— Sequence and waveforms at other 
input terminals. 

8.4 Resolution Time (36) 

a) Purpose 

To measure the minimum resolution time 
necessary to produce correct switching. 

b) Circuit Diagram ( see Fig. 21 ) 

c) Circuit Description and Requirements 

The time measurement mstrument shall be 
suitable for measuring the time interval 
between two subsequent transitions of the 
input signal applied to the same input termi- 
nal. The reference level for this time 
measurements shall lie between Fihb and 
FiLA. Furthermore, the voltage measurement 
instrument shall be capable of measuring the 
output voltage of the circuit being measured. 
The pulse generator shall be able to provide 
pulses having adjustable duty cycles and 
adjustable frequency. The measurement 
circuit shall provide the voltages and loads 
to the other input and output terminals as 
specified. The measurement system shall be 
such that the circuit being measured is at 
the specified temperature. 



d) Precautions to be Observed 

No special precautions are required. 

e) Measurement Procedure 

The integrated circuit being measured is 
connected in the measurement circuit, the 
supply voltage conditions at other terminals 
are adjusted to the specified values. The 
temperature is adjusted to the specified value 
and checked before and after the measure- 
ment. The pulse generator is adjusted to give 
the specified voltages and the specified rise 
and fall times at the input of the integrated 
circuit being measured. 

NOTE — Normally, the input pulse amplitude 
shall be limited to the range Fola and Fohb. 

By further adjustment of the pulse generator 
and with fwn being kept at a specified fixed 
duration, the input pulse duration ?^wl is 
adjusted until the appropriate level of the 
output signal just reaches Vol a and Kohb, 
alternatively, with fv?r, kept at a specified 
fixed duration, the input pulse duration ^^h 
is adjusted until the appropriate level of the 
output signal just reaches Fola or Kohb- 

The measured input pulse duration /wi. ( or 
fwB ) is the minimum resolution time for the 
specified duration fwn ( or ^wl ) ( see 
Fig. 22 ). 
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Fig. 21 Circuit for Mbasurbmbnt of Rbsolution Time 




tresL = twL(twH SPECIFIED) iresH =lwH (twL SPECIFIED) 

Fig. 22 Resolution Time: ^res 



f ) Specified Conditions 

— Ambient or reference-point tempera- 
ture; 

— Supply voltage(s); 

~ Input driving network, if required, or 



output impedance of the pulse gene- 
rator; 

— Input pulse conditions; 

— amplitude, 

— duration fwL and/or ^vh, 
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~ rise time, 
— fall time; 

— Reference level for fwL and (wh", 

— Output loading network(s); 

— Conditions at other terminals; 

— Ratio of input to output frequencies; 

— Input and output capacitances Ci and 
Co including stray capacitances asso- 
ciated with the mounting jigs and test 
fixtures; and 

— Values of Kola or Fohb. 

-8.5 Ontpnt Enable and Disable Times ( for 
Three-State Outputs ) (49) 

a) Purpose 

To measure the output enable and disable 
times of digital integrated circuits with 
three-state outputs. 

b) Circuit Diagram ( see Fig. 23 ) 

c) Circuit Description and Requirements 

The measuring equipment shall be capable of 
generating suitable pulses for the output 
control input(s) and the remaining inputs, as 
far as relevant. It shall also be capable of 
measuring the time relations of the signals at 
the specified reference voltage levels. The test 
circuit shall provide the specified loads for 
the output(s) being measured. Figure 25 shows 
a suitable loading network for TTL logic. 
Furthermore, the equipment shall provide the 



voltage levels and loads at the other 
terminals and shall keep the circuit being 
measured at the specified temperature. 

NOTE — In order to be able to distinguish bet- 
ween the three different states of a three-state 
output ( low, high and high-impedance ), an 
output in the high-impedance state has to be 
pulled to a voltage level opposite to that produ- 
ced by the output when it is enabled. This vol- 
tage level is established by the loading network. 

d) Measurement Procedure 

The temperature is set to the specified value 
and checked immediately before and after 
the measurement. The input and output 
terminals as well as other terminals are con- 
nected according to the specification. The 
power supplies are connected as specified 
( for example, in a specified sequence ). The 
pulse generating equipment is adjusted to 
give the specified pulse amplitudes durations 
and repetition frequencies at the vnput(s) of 
the integrated circuit being measured. The 
output enable time ( see Fig. 24 ) is measured 
as the time interval between the transition of 
the output enable sigaal from inactive to 
active state and the transition of the output 
from the high-impedance (Z) state to the 
high-f/f) or low-(L) level. The output disable 
time is measured as the time interval between 
the transition of the output enable signal 
from active to inactive state and the transi- 
tion of the output from the high or low level 
to the high-impedance state (Z). All measure- 
ments are made at the specified reference 
voltage levels. 
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Fig. 23 Circuit for Measurement of Output Enable and Disable Times 
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OUTPUT CONTROL 
aO-V LEVEL ENABUNG) 



OUTPUT 
WAVEFORM 1 
ISEE NOTE ) 



OUTPUT 
WAVEFORM 7 
[ SEE NOTE ) 

fen ( ZH ) or ten ( ZL ) = output enable time 
/dls ( ffZ ) or tdie ( LZ ) = output disable time 
Kref (]) or Fret (a) = reference voltage for L to Z ( or fl to Z ) output disable time 

V + orV- = steady-state output voltage, with output goitig from L-Level to Z-State ( or i/-Level 

to Z-State). 

NOTE — Waveform 1 is for an output with internal conditions such that the output is low except when 
disabled by the output control. Waveform 2 is for an output with internal conditions such that the output is 
high except when disabled by the output control. 

Fig. 24 Measurement of Output ENi«tBLB and Disable Times 




V+FOR t«r.(Zl.)ANDt<iislLZ) 
t/-FOR ten(ZH)ANDtdls(HZ) 



Fig. 25 Example of Output Loading 
Network for Ttl or Equivalent Logic 

NOTE — Since transitions may take different 
times, it may be necessary to define two enable 
and two disable times ( for Z to L, Z to H and 
Lto Z, H to Z ). 

e) Specified Conditions 

— Ambient or reference-point tempera- 
ture ( Tamb or Tref ); 

— Supply voltage(s); 

— Input pulse conditions: 

— rise time t^, 

— fall time tt, 

— amplitude, 

— repetition frequency, 

— set-up and hold times, where approp- 
riate, 

— duration; 

— Input networks; 

— Output and loading networks, including 
loading capacity Cl ( Cl includes stray 
capacitances ); 



— Conditions at other terminals; and 

— Reference voltage levels for the tiine 
measurements. 

8.6 Specific Times for Memories (50) to (54) 
General 

The measuring methods described below may be 
used for establishing value of the characteristics 
to be specified for integrated circuit memories. 
They may, of course, be adapted for use in 
automatic test procedures. They are also consi- 
dered to be suitable as reference methods and 
may be used as required to establish the true 
value of a particular characteristic. 

a) Purpose 

To measure the following dynamic character- 
istics and timing requirements of a memory 
cell of an integrated circuit memory: 

— Address access time; 

— Chip select access time; 
— ■ Read access time; 

— Write recovery time; and 

~ Minimum write pulse duration (width). 

b) Circuit diagram ( see Fig. 26 ) 

c) Circuit description and requirements 

The measuring equipment should be capable 
of generating suitable signal pulses and pulse 
patterns for the address, data inputs and for 
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'In the case of common input/output terminals, input/output separation network are needed. 

Fig. 26 Measurement Circuit 



any other specified inputs, as far as relevant. 
The time relations of the signals should be 
measurable at the specified reference voltages. 
Furthermore, the equipment must provide 
the voltages and loads at the other terminals 
and appropriate separation facilities for cir- 
cuits having common input/output terminals. 

d) Measurement procedure 

The measurement circuit is shown in Fig. 26. 
The circuit being measured should be set to 
the specified temperature. The input and 
output terminals as well as the other terminals 
are to be connected according to the speci- 
fication. The power supplies are to be con- 
nected as specified ( for example in a speci- 
fied sequence ). 

The signal pulse generating equipment is 
adjusted to give the specified pulse level, 
duration (width), repetition frequency, delay 
and rise and fall times at the input of the 
circuit being measured. 

1) Measurement to address access time (50) 

With the aid of the signal pulse generating 
equipment, specified data shall be written into 
the memory cells to be used during the mea- 
surement. During the subsequent read opera- 
tions, it is necessary to change the apphed 
address signal to move from one defined cell 
location to another, these two locations stor- 
ing complementary data. All other input 
signals necessary for the memory to be read 
should be applied sufficiently early so as not 



to affect the address access time. The address 
access time is measured as the time from the 
change of the address to the occurrence of 
valid data at the output, the measurement 
being made at specified reference voltages 
( see Fig. 27 ). 

2) Measurement of chip select access time (51) 
With the aid of the signal pulse generating 
equipment, specified data shall be written 
into the memory cells to be used during the 
measurement. All other input signals neces- 
sary for the memory to be read should be 
applied sufSciently early so as not to affect 
the enable and/or select access time. The 
enable and/or select access time is the time 
interval between the transition of enable and/ 
or select from inactive to active state and 
the occurrence of valid data at the output, 
the measurement being implemented at speci- 
fied reference voltages ( see Fig. 28 ). 

3) Measurement of read access time (52) 
With the aid of the signal pulse generating 
equipment, specified data shall be written 
into the memory cells to be used during the 
measurement. 

NOTE — This method is only suitable for memo- 
ries with separate input and output terminals. 

The measuring procedure comprises two 
steps: 

i) a bit of data is written into the memory 
cell, 

ii) the data bit should be such that it cau- 
ses a change at the output when read. 



19 



IS 12970 ( Part 3/Sec 3 ) : 1993 
ADDRESS 



DATA-OUT 



X 



>: 



fa<A) 



ta, (A) = address access time. 

Fig. 27 Measurement of Address Access Time 
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28 Measurement of Enable and/or Select Access Time 



The read access time is measured as the time 
interval between the transition from a write 
mode to a read mode and the occurrence of 
valid data signals at the outputs ( see Fig, 
29). 

4) Measurement of write recovery time (59) 

With the aid of the signal pulse generating 
equipment, specified data shall be written 
into the memory cells to be used during 
measurement. 

NOTE — This method is only suitable for memo- 
ries with separate input and output terminals. 

The write pulse duration ( width ) is increa- 
sed from the mmimum guaranteed value. 
The output of the device is observed to 
notice when the written data makes an error 
in the next read cycle operation ( that in 
non-conformity of the output value ). 

The write recovery time is measured as the 
time interval between the end of the write 
pulse and the beginning of the next cycle 
( for example a change of address ) at the 
specified reference level. 

NOTE — All other signals necessary for the 
correct operation of the memory in the read 
mode should oe applied allowing a sufficient 
margin relative to the specified timing require- 
ments, such that the measured value is not 
adversely affected. 



Typical waveforms are shown in Fig. 30. 

5) Measurement of minimum write pulse dura- 
tion ( width ) (54) 

With the aid of the signal pulse generating 
equipment, specified data shall be written 
into the memory cells to be used during the 
measurement. The measurement procedure 
consists of three steps: 

i) Data is written into the memory cell 
according to the specifications, 

ii) The cell is overwritten with specified 
complementary data, and 

iii) The data is read out and compared with 
the data written in during step (ii). 

These three steps are repeatedly performed 
with continuously decreasing write pulse- 
duration (width) in step (ii) until data coinci- 
dence in the comparison is no longer obtain- 
ed in step (iii). The pulse duration is then 
increased until coincidence is obtained again. 
The pulse duration (width) is the "minimum 
write pulse duration ( width )" ( see Fig. 31 ). 
All other signals ( for example, chip select in 
data-in ) necessary for the write operation 
should be appHed so that the write operation 
is not adversely affected. 
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•e) Specified condition 

— Ambient or reference-point tempera- 
ture ( Tamb Of ^'case ); 

— Supply voltage(s); 

— Input signal pulse patterns and sequen- 
ces including required timing rela- 
tionships, for example, cycle, set-up 
and hold times; 

— Characteristics of the input signal 
pulses, including rise time, fall time 
and amplitude; 

— Input and output networks ( including 
stray capacitance ); 

— Conditions at other terminals; 



— Reference voltage(s) for the measure- 
ment; 

— Contents of the defined memory cell(s); 

— Address of the defined memory cell(s); 
and 

— Sequence of the addresses, where 
appropriate. 

9 SWITCHING FREQUENCY OF A 
SEQUENTIAL CIRCUIT ( 10 ) 

a) Purpose 

To determine whether the maximum ( mini- 
mum ) switching frequency of a sequential 
circuit lies above ( below ) a specified limit. 
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twifV) = write puJse duration ( width ) 
fsuCS) = chip select set-up time before write 
tmiD) = data-in set-up time before write 
th(S) — chip select hold time after write 
th(D) = data-in hold time after write 

NOTE — The data set-up time, /sn (£)), should be referenced to the trailing edge of the write pulse (as 
shown in the above figure) for memories whose storage elements are transparent latches. It should be 
referenced to the leading edge of the write pulse for memories whose storage elements are edge-triggered 
latches. 

Fig. 31 Measurement of Minimum Write Pulse Duration ( Width ) 



b) Circuit Diagram 

See Fig. 21. 
e) Circuit Description atid Requirements 

A sequential circuit, which may be in parti- 
cular a bistable circuit or a counter or a shift 
register, will switch into a different output 
configuration, when: 

i) the appropriate triggering pulse(s) has 
( have ) been absent for a given time, 
and then, 

ii) the appropriate triggering pulse(s) is 
( are ) applied for a given time. 

These two periods of time need not be equal. 
Failure to switch at maximum frequency will 
occur when the sum of these two times in 
any single cycle falls below the value that 
determines this characteristic at the maxi- 
mum frequency for the integrated circuit. 
Similarly, failure to switch will occur when 
one of these times exceeds the value that 
determines this characteristic at minimum 
frequency for the integrated circuit. For 
certain classes of sequential circuits, addi- 
tional signals may be required. These 
additional signals must be synchronized, but 
adjustable in time delay relative to the_ first, 
and must have a frequency which is an 
integral division of the first. Loading 
networks for both measured and unmeasured 
outputs, and driving networks will be con- 
nected when and as specified. Unused input 
shall be connected as specified. 

The signal detector must include either as 
oscilloscope or other instrument that can 
indicate whether the measured output of the 



sequential circuit switches between its output 
configurations at a specified frequency 
related to that of the triggering pulses. It 
must also be able to indicate that the output 
signal satisfies the limits for Voni or Kcla. 
between each transition. 

d) Precautions to be Observed 

No special precautions are required. 

e) Measurement procedure 

The integrated circuit is connected into the 
measuring circuit, the supply and input 
voltages are set to the specified values. The 
temperature is set to the specified value and 
checked immediately before and after the 
measurement. The pulse generator output 
pulses are adjusted to give the specified pulse 
amplitudes, durations and repetition 
frequency(ies) at the input of the integrated 
circuit under measurement. Any other 
required pulse generator is similarly adjusted 
and its delay(s) set to the specified value. 
The output of the integrated circuit must be 
observed via the signal detector, for correct 
switching at the specified output frequency. 

f ) Specified Conditions 

— ambient or reference-point tempera- 
ture; 

— Supply voltage(s); 

— Input pulse conditions: 

— amplitude, 

— width, 

— rise time. 
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— fall time, 

— repetition frequency, 

— delay between input pulses, when 
appropriate; 



Direction of 
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transitions of input 
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— Output loading network(s) for both 
measured and unmeasured outputs, 

— Input driving network(s), if required, 

— Repetition frequency of output signal, 

— Conditions at other terminals, and 

— Sequences and waveforms at other 
input terminals. 
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